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Abstract: Aim: This study presents the log analysis results of a log suite comprising 
gamma ray (GR), resistivity (LLD), neutron (PHIN), density (RHOB) logs and a 3D 
seismic interpretation of Tymot field located in the southwestern offshore of Niger 
delta. This study focuses essentially on reserves estimation of hydrocarbon bearing 
sands. Well data were used in the identification of reservoirs and determination of 
petrophysical parameters and hydrocarbon presence. Three horizons that 
corresponded to selected well tops were mapped after well-to-seismic tie. Structural 
depth maps were created from the mapped horizons. The structural style is 
dominated by widely spaced simple rollover anticline bounded by growth faults, and 
this includes down-to-basin faults, antithetic faults and synthetic faults. The 
petrophysical values – the porosity, net-to-gross, water saturation, hydrocarbon 
saturation that were calculated yielding  an average porosity value  of 0.23, water 
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saturation of 0.32 and an average net-to-gross value of 0.62. Three horizons H1, H2 
and H3 were mapped. The three horizons marked the tops of reservoir sands and 
provide the structures for hydrocarbon accumulation. Hydrocarbon in-place was 
estimated. The total hydrocarbon proven reserves for the mapped horizons H1, H2, 
and H3 were estimated to be 39.04MMBO of oil and 166.13BCF for sand E.  
 
Keywords: Niger Delta; Petrophysics; Reserve estimation; hydrocarbon saturation. 
 
1. Introduction 
 Well logs and seismic data are the main tools of investigation and evaluation of the 
subsurface formations. The Formation parameters such as porosity, permeability and 
water saturation are usually obtained from log analysis, as well as the closure area of 
the reservoir obtained from the interpretation of seismic data. The parameters 
characterized in a reservoir include structure (fault, fold, and fractures), petrophysical 
properties (porosity and permeability), internal architecture (homogeneity), and 
hydrocarbon properties (thermodynamics) [1] The dominant function of those 
parameters is to assess the hydrocarbon content of subsurface formations. Once an 
accumulation of petroleum has been discovered, it is better to characterize the 
reservoir as accurately as possible in order to estimate the reserves and to determine 
the most effective way of recovering as much of the petroleum as possible[2].  The 
Niger Delta basin is a major geological feature with a significant petroleum 
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exploration and production history[3]. Studies on the Niger Delta, has shown that 
reservoirs present in this basin shows range of intricacies in the sedimentological and 
petrophysical characteristics due to differences in hydrodynamic conditions prevalent 
in their depositional settings[4]. By virtue of the size and volume of petroleum 
accumulation discovered in this basin resource members. The sand in this formation 
is mainly hydrocarbon reservoir with shale providing lateral and vertical seal[5]. 
Reservoir characterization and subsurface geological mapping are perhaps the most 
important tools used to explore for undiscovered hydrocarbons and to assess 
hydrocarbon reserves. 
The aim of this study involves evaluating the volume of hydrocarbon within Tymot 
field. In order to achieve this purpose, certain objectives must be met: to evaluate 
petrophysical parameters such as porosity, water saturation, net and gross sand 
thickness, net oil and gas, and fluid contacts for hydrocarbon bearing sands; to 
identify and map bearing sands; and to estimate volume of hydrocarbon existing 
within the mapped reservoir. 
To characterize Tymot field, seismic sections and composite well logs (which include 
the gamma ray, resistivity, and neutron density) were examined and interpreted with 
a view to unravel the hydrocarbons in-place. The integration of all available 
subsurface data such as seismic data, well logs, check shot, core data and 
biostratigraphy data are a necessity in reservoir characterization technology. These 
data are result of measurement carried out by sophisticated instrumentations and 
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processed using highly developed software[6]. 
 
2. Geology and tectonic setting of the Niger delta basin 
The field under investigation is located in the Offshore part of Niger  
Delta Basin (Figure 1).The Field is located between longitudes 6°43¹25.650’’7E and 
6°48¹51.293’’E and latitudes 4°35¹45.650’’N and 4°38¹51.293’’7N. It is bounded in the 
east, west and south by the Calabar Flank, Benin Flank and the Gulf of Guinea 
respectively. Niger Delta is bounded in the north by older (Cretaceous) tectonic 
elements among which are the Anambra Basin, Abakaliki uplift and Afikpo syncline. [7] 
Suggested that the basin which facilitated and controlled the formation of the 
present Niger Delta was developed by rift faulting during the Precambrian. Benin and 
Calabar Hinge lines are the deep seated faults associated with the rifting controlled 
formation of the delta. The building of the Niger Delta over the edge of the African 
continent began in the middle-late Eocene[8]. Evidence from geophysical investigation 
indicates that the Oligocene and younger sediments progressive toward the 
continental shelf and that they average 26000 feet (7924 m) [9]. The accumulation of 
these sediments was rather fast and hence gravitational movements within them 
became pronounced, resulting in contemporaneous faulting with deposition (growth 
faults) [10] Petroleum in the Niger Delta is produced from sandstones and 
unconsolidated sands predominantly in the Agbada Formation where they are 
trapped by rollover anticlines related to growth fault development[10-11]. 
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Figure 1; Location map showing the study area 
 
The Tertiary Niger Delta is characterized by synsedimendary gravitational growth 
faults developed as a result of rapid sand deposition and differential loading of 
coarser clastics over fined-grained under-compacted marine shales of the Akata 
Formation[12] These discoveries have onshore on the continental shelf, and in deep 
water. Niger Delta province has commercial accumulation of oil and gas. The 
production of oil and gas originate from accumulation in the pore spaces of 
reservoir rocks usually sandstone, limestone and dolomite. The formation is 
characterized by alternating sandstone and shale units varying in thickness from 
100ft to 1500ft [13]. 
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[12] Described the mode of formation, distribution and importance of growth 
faulting in the Niger Delta development. The growth faults are contemporaneous 
and more or less continuously active with deposition such that their throws 
increase with depth. The growth faults may be listric, typically cuspate normal 
faults, which flatten with depth into the thick clastic shally sequence of the Akata 
Formation. Continuous growth of the faults after their inception, allows for greater 
sedimentation on the down-thrown blocks relative to the up-thrown blocks[12]. 
 
3. Materials and Methods  
Data used in the study include wireline logs (gamma ray, density, resistivity and 
neutron logs from four (4) wells in the field); check shot data and 3-D seismic volume 
of the field. Software resources used include. Petrophysical analysis of well logs and 
3-D Seismic interpretation are the fundamental tools for reserve estimation of 
hydrocarbon reservoir. Petrophysical analysis of well logs evaluates parameters such 
as; lithological units, gross interval, net-pay thickness, fluid contact, porosity, water 
saturation and volume of shale etc, while the seismic data provides the reservoir 
area. The top of the Agbada Formation were determined from the geophysical 
wireline logs and seismic data using the the nature of the gamma ray curves and 
resistivity curve that characterize this interval, and reflection characteristics of the 
3-D seismic volume. The results of both methods were further integrated to estimate 
reserve yield. Qualitative and quantitative interpretation was carried-out by means 
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of visual observation of the signature, shape, and patterns of the log or suite of logs 
and computation of the petrophysical properties of the reservoir rocks. This was 
done in order to identify zones with properties of interest and their respective depth 
and thickness. Well logs were correlated and appropriate reservoirs bodies were 
characterized in terms of their petrophysical parameters (Figure 2). Depth structural 
contour maps of productive reservoir formations have been constructed in time read 
directly from the tops of particular horizons and average velocities derived from 
interval velocities. Reservoirs were calculated using volumetric method from the 
integrated information from the 3D seismic interpretations and petrophysical 
analysis. The average of the petrophysical parameters for the mapped reservoirs was 
computed to get the corresponding values used in computing for the hydrocarbon 
in-place. Calculation of original hydrocarbons in-place was done using the following 
standard volumetric estimation formula; 
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Figure 2; Lithostratigraphic correlation of hydrocarbon bearing sands in Tymot field 
 
Where 
OIIP = Oil initially in place; usually measured in barrels 
GIIP = Gas initially in place; usually measured in billion standard cubic feet (Bcf) 
7758 Barrels (oil)(bbl) is a constant  
43560 Billion cubic feet (Bcf) is a constant 
STOIIP = Stock tank oil in place, stb 
Net Volume is A*h 
h is Thickness of oil sand  
Ɵ is rock porosity, %  
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A is closure area of the reservoir in acres  
Sw is water saturation; 1-Sw is Hydrocarbon 
 
OIIP = 7758*Net Volume*Porosity*(1-Sw) 
GIIP = 43560*Net Volume*Porosity*(1-Sw) 
STOOIP calculated using a Bo of 1.2 for oil and Bg of 0.003 for gas 
Reserves calculated a recovery factor of 0.3 for oil and 0.85 for gas 
 
4. Results and Discussion 
 In this study, three reservoirs (D, E and F) were delineated as hydrocarbon bearing 
sands within the Agbada formation of the field as shown in the lithostratigraphic well 
correlation (Figure 2). The resistivity log was used in identifying highly prolific sands 
in hydrocarbon yield. 
 
5. Petrophysical Evaluation of the Reservoirs Percentages 
Well 4 
The reservoir (sand F) in this well has a thickness of about 50.5ft and with a net pay 
of 33.5 (Table 1). The net to gross pay is 0.309. The neutron density derived porosity 
averages 26.4% (Figure 3) indicating that the reservoir has a very good porosity. The 
water saturation value of 0.347 indicates that hydrocarbon saturation is fairly high in 
this reservoir. The volume of shale content was calculated to be 0.184. As a result of 
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low distribution of shale value, this indicates limited restriction to the free flow of 
fluid in the reservoir. The hydrocarbon type has been identified as oil and with an oil 
water contact (OWC) of -11203.5ft. 
 
Table 1: Summary of petrophysical properties of the reservoirs. 
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Figure 3; Lithology, resistivity and neutron density derived porosity of sand F in well 4 
showing petrophysical evaluation of the reservoir 
 
Well 5 
The reservoirs in this well have a thickness of 47ft (sand D), 56ft (sand E) and 96ft 
(sand F) with a net pay of 23.09, 11 and 87. The water saturation for sand D, sand E 
and sand F are 0.403, 0.364 and 0.153 (Table 1). Sand F shows very high hydrocarbon 
saturation. The average neutron densities derive porosity for sand D, sand E and sand 
F values are 0.244, 0.194 and 0.167 (Figure 4) indicating fair to good hydrocarbon 
accumulation. The shale contents are calculated to be 0.195, 0.145 and 0.228 
indicating limited restriction to the free flow of fluid in the reservoir. The 
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hydrocarbon types for these three reservoirs have been identified as oil, and also gas 
for sand E. The oil water contact (OWC) for the three reservoir are -9551.50ft, 
-10556.007ft and -11200.50ft and also with gas oil contact (GOC) of sand E to be 
-10527.50ft. 
 
Figure 4; Lithology, resistivity and neutron density derived porosity of sand D, sand E 
and sand F in well 5 showing petrophysical evaluation of the reservoir 
 
Well 6 
The reservoir (sand F) in this well has a thickness of about 108.85ft, with a net pay of 
90.146, water saturation of 0.155 (Table 1); this indicates that the reservoir is highly 
saturated with hydrocarbons. The hydrocarbon in this reservoir is said to be oil down 
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to (ODT) at -11073.2ft (Figure 5). The neutron density derived porosity averages 
22.6%, indicating that the reservoir has a very good porosity. The volume of shale 
content is calculated to be 0.145 with this low value indicating limited restriction to 
the free flow of fluid in the reservoir.  
 
Figure 5; Lithology, resistivity and neutron density derived porosity of sand F in well 6 
showing petrophysical evaluation of the reservoir 
 
 
Well 7 
The reservoir (sand D) in this well has a thickness of about 21.5ft and with a net pay 
of 11, water saturation of 0.495 (Table 1) indicating that the reservoir is less 
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saturated with hydrocarbon. The neutron density derived porosity averages 26.6% 
indicating that the reservoir has a very good porosity (Figure 6). The volume of shale 
content is calculated to be 0.18. This low value indicates less restriction to the free 
flow of fluid in the reservoir. 
 
Figure 6; Lithology, resistivity and neutron density derived porosity of sand F in well 7 
showing petrophysical evaluation of the reservoir 
 
 
6. Seismic Data Interpretation 
 From correlative mapping of seismic reflection and study of time contour maps, the 
following results of faults interpretation were established: localized normal faults are 
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present due to extensional tectonics (Figures 7 and 8). Seismic interpretation of 
Tymot field reveals that the structural style that characterized this field were mainly 
down-to basin faults, synthetic and antithetic faults (crestal fault). The presence of 
these faults in the study area is an indication that there is a possibility of 
hydrocarbon accumulation.  
[14] Described faults as a conduit for hydrocarbon migration into the reservoir rocks. 
The normal faults also make local scale horst and graben geometries favorable for 
hydrocarbon accumulation. On the seismic section, it is observed that both graben 
geometries and an anticlinal structure could be observed about the central portion 
of the study area closing on the major faults. These are evidence that the trapping 
mechanisms are fault-related anticlinal structures. The down-to-basin faults polygons 
around the closures serve as seals which help to trap hydrocarbons migrating to the 
surface. 
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Figure 7; Seismic interpreted showing growth fault, graben antithetic fault and 
mapped horizon 
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Figure 8; Seismic interpreted showing, graben, down-to-basin fault and mapped 
horizon 
 
7. Structure Contour Depth Maps 
Seismic structural maps were generated to evaluate the geometry of the mapped 
horizons. This was done to identify structural traps or closures around fault blocks. 
The area colored yellow and red (Figure 9a) have been identified as zone of 
hydrocarbon accumulation for sand D.  
The depth values of sand D decrease towards the southern part of the field, which 
gives rise to structural highs at its southwestern portion. The contour depth values of 
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sand D range from about 9460 ft to about 9551 ft. The yellow color is called probable 
as a result insufficient porosity log data to determine the fluid type but the character 
of the resistivity curve indicates a hydrocarbon zone. The red color have been 
identified as oil, and has an oil water contact (OWC) at 9551ft. the structural closure 
has been identified as a fault assisted closure (3 way closure). 
Figure 9b on the other hand, shows the depth map of the sand E. The depth values 
decreases from southwest part of the map towards the north central part, which 
results in structural highs around the north central area.  
 
 
 
Sand E contour depth values range from about 10450 ft to about 10550 ft. The area 
delineated green is identified as gas zone whereas the red color delineated is 
identified as an oil zone.  
Figure 9c shows the Depth map of the sand F. The sand F identified as having the 
highest hydrocarbon accumulation among the three mapped horizons. From the 
analysis, it shows oil on rock (ODT). 
 The depth values decreases from southern part of the map towards the 
southwestern part of it which results in structural highs around the southwestern. 
Sand F contour depth values range from about 11000 ft to about 12000 ft. 
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Figure 9a; Sand D Top structural depth map showing identified oil Zones 
 
 
 
Figure 9b; Sand E Top structural depth map showing identified oil and Gas zone 
Oil
 
Gas
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Figure 9c; Sand F Top structural depth map showing identify oil Zone 
 
 
8. Hydrocarbon Reserves Estimation 
This volumetric estimation of hydrocarbon reserves involves the integration of 
various geological and geophysical parameters obtained from the subsurface. Table 2, 
3 and 4 shows the volumetric estimation of the three sands identified in the studied 
field. 
The results of the proven reserves are shown for sands D, E and F (Table 5). These 
results are presented in million barrels of oil (MMBO) and billion cubic feet of gas 
(BCF). 
 SAND D SAND E 
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STOIIP 
 
RESERVE 
7758*32271.01*0.26*(1-0.495)/1.2 
 
27393392.058*0.3 
8 MMBO 
7758*21549.14*0.194*(1-0.364)/1.2 
 
17189265.415*0.3 
 
5 MMBO 
Table 2: STOIIP estimation of sand D and sand E 
 
 
             
 
 
 
 
Table 3: GIIP estimation sand E 
 
 
 
 
 
 
 
Table 4: STOIIP estimation of sand F 
                      SAND E 
GIIP 
RESERVE 
43560*109096.50*0.194*(1-0.364)/0.003 
195450272313*0.85 
166 BCF 
SAND F 
STOIIP 
RESERVE 
7758*69855.34*0.226*(1-0.155)/1.2 
86244873*0.3 
26MMBO 
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Table 5: Proven reserves of sands D, E and F 
 
9. Conclusion 
Evaluation of the Tymot Field, Niger Delta basin was achieved using seismic data 
volume and well logs. Petrophysical analysis was carried out using log suites from 
four well. Three hydrocarbon sands at different intervals were mapped in the field. 
Seismic interpretation showed that the structural styles are widely spaced with faults 
forming structures for hydrocarbon entrapment and accumulation. The field exhibits 
structural features pertinent to Niger Delta basin which includes the roll over 
anticlines, down-to-basin faults, synthetic and antithetic faults. From the structural 
depth map of the three sands; yellow, red, and green colors denotes hydrocarbon 
zones. The sand F mapped has shown to have the highest reserves and best structure 
for hydrocarbon accumulation. 
The result of the petrophysical values; porosity, net-to-gross, water saturation, 
hydrocarbon saturation that were calculated are almost ideal for the Niger Delta 
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reservoir sands with average porosity values of 23%, water saturation of 0.32 and 
average Net-to-Gross value of 0.62. The lower the water saturation, the higher the 
hydrocarbon saturation in the reservoir sand, also the higher the net to gross value, 
the higher the hydrocarbon saturation. Based on the volumetric estimation, this field 
can be said to be economical viable and also, from the interpretation of the available 
data, it can be said to be a promising field with good structures for hydrocarbon 
accumulation. 
For further study of this field, and better evaluation, it is suggested that reacquisition 
and/or processing should be done to improve seismic data quality for better imaging 
and interpretation/mapping, especially in deeper horizons. Core samples should also 
be made available. Water saturation, porosity, permeability and hydrocarbon 
saturation combined could be used to give advice on possible location to site water 
injection wells and drain holes for further field development. 
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